We have developed a "fecalogram" to present the analytical results for four characteristics of focal specimens: dry weight, total nitrogen, total fat, and hydrolyzed fat, measured by near-infrared spectroscopy. This technique gives results as precise as those of more traditional analyses for these four components. The respective correlation coefficients are 0.973, 0,960, 0.974, and 0.978. The CVs for this technique range from 1.19% to 2.88%. Among the digestive disorders revealed by this fecalogram is steatorrhea, which can be differentiated as being of pancreatic or intestinal etiology. The percentage of total fat that is hydrolyzed is significantly (P <0.0001) greater in patients with malabsorption (>70%) than in those with maldigestion (<70%). in digestive pathology. The two digestive-tract organs involved in steatorrhea are the pancreas and the intestine (1). Results of tests currently employed to detect steatorrhea are used to construct a "fecalogram," on which are recorded, for the same sample, measurements of dry weight, total nitrogen, total fecal fat, and other data, according to various authors (2-4), to aid in the diagnosis of digestive deficits that lead to diarrhea. We analyze hydrolyzed fat, in addition to the three main analytes, to differentiate digestive from absorptive steatorrhea.
total nitrogen total fat hydrolyzed fat pancreatic and intestinal steatorrhea differentiated
Detection and quantification of steatorrhea are the most frequent investigations in digestive pathology. The two digestive-tract organs involved in steatorrhea are the pancreas and the intestine (1). Results of tests currently employed to detect steatorrhea are used to construct a "fecalogram," on which are recorded, for the same sample, measurements of dry weight, total nitrogen, total fecal fat, and other data, according to various authors (2) (3) (4) , to aid in the diagnosis of digestive deficits that lead to diarrhea. We analyze hydrolyzed fat, in addition to the three main analytes, to differentiate digestive from absorptive steatorrhea.
Common fecalogram techniques are very long (taking several hours, or several days), cumbersome, unsuited for serial analyses, and involve numerous manipulations with offensive reagents (5, 6). We present a fecalogram based on near-infrared spectroscopy (NI) that was first used by Mashio et al. (7) for analysis of several fecal analytes. We have adapted this technique from the chemical methods used in our laboratory to the four fecal analyses in the present fecalogram. We wanted to obtain precise results in a very short time without use of reagents or extraction, and to attempt to differentiate malabsorption from maldigestion syndromes.
Materials and Methods

Apparatus
We used a Model 450 "InfraAlyzer" (Technicon Instrument Corp., Tarrytown, NY) connected to a Hewlett-Pack- 
Principle
The method is based on the relationship between the reflectance intensity diffused by the surface of a fecal sample at a specific wavelength and the composition of the sample (8). Each component to be measured for the fecalogram has specific absorption bands in the near-infrared, so the reflectance from the fecal sample can be related to the concentration of that component as follows:
where X is the concentration of the analyte, R is the reflectance for the ifiter n, F,, is the scaling factor for each ifiter, and Z is a constant of bias correction. Scaling factors corresponding to each selected filter were calculated by multilinear regression (9) of results obtained from a training set consisting of samples analyzed by routine chemical methods and covering the whole concentration range for each analyte. The principle of the method is the following: the sum of squares of the residual values (differences between reference values and calculated values) must be as low as possible. The computer assessed every set of wavelength combinations from 1 to 19, through spectroscopic and statistical data based on a t-test where t = value of F/SD (standard deviation) value of F. Each combination of wavelengths was characterized by the coefficient of correlation (r) between the chemical and the calculated values:
where SEE is the standard error of estimate, n is the number of samples, and k is the number of ifiters; and by the constant of Fisher (F-ratio), which indicates the quality of the regression:
As the number of wavelengths in the combination increased, the correlation coefficient approached 1 and the Fratio increased to values >50. The program was halted when there was no further increase in the two coefficients.
We tested the computer-selected regression by analyzing samples different from those used for the calibration.
We compared the results with those obtained by the chemical methods routinely used in our laboratory, adjusting the NIIIA results to agree more closely with those of the chemical techniques by modifring the bias constant. Procedure Stool specimens were collected for 72 h in plastic vessels, then analyzed without delay, or stored at -20 #{176}C until assay. The samples were obtained from the laboratory of biology of the C.R.A.M.A.' for the controls and from patients hospitalized at the Saint-Andr#{233} Hospital for the pathological groups. Their daily intake of fat was limited to 80 to 100 g per day.
After stool homogenization, a sample was removed with a spatula, placed in an open cup (Technicon), and then covered by a glass slide. Exerting manual pressure on the slide kept the sample volume constant.
We then placed the cup on an interchangeable sample drawer, pushed the drawer into the im spectroscope, and initiated the wavelength program.
The instrument displayed the results for each analyte on the screen in less than 1 mm.
Comparison Methods
The 
Results
For results to be as precise as those obtained with routine chemical methods, the JnfraAlyzer had first to be calibrated. The calibration results were then adapted to the chemical results. Obviously, calibration is better when the results of manual methods are accurate. However, the quality of these results also depends on the rating of the calibration set (8) . Figure 1 is a histogram of residual values for hydrolyzed fat. This was obtained by using, on the abscissa, residual values associated to ranks of increasing values and, on the ordinate, plots with a known standard deviation.
When the sample distribution was satisfactory, as was the case for the four analytes of the fecalogram, a gaussian plot was obtained. from three to seven. The greatest number of filters (i.e., seven) for obtaining a correlation coefficient of 0.973 was required for the hydrolyzed-fecal-fat regression. The regressions of dry weight, total nitrogen, and total fat also gave very acceptable results, with correlation coefficients of 0.987, 0.974, 0.993, respectively, and very high Fratios, exceeding 100. Figure 2) shows that, for the same amount of total fat, the amount of hydrolyzed fat is greater in group I than in group 11.
Discussion
The advantages of the NIRA technique over the more classical chemical methods in fecalogram analysis are obvious. The absence of any reagent, extraction, or mineralization allows this method to be applied in any laboratory, not just in specialized centers. Moreover, the rapidity of the technique (less than 1 mm) allows the fecalogram to be available immediately to the clinician; thus further investigations can be implemented more promptly. Finally, a Steatorrhea is by definition an excessive elimination of fecal fat (>5 g/24 h) (2) , which may result from various hepatobiliary, pancreatic, or intestinal disorders
(1, 11). Among these disorders, it is important that those ascribable to intestinal malabsorption, corresponding to intestinal disease, and those due to maldigestion, resulting from pancreatic insufficiency, be differentiated (2) . It is agreed that steatorrhea can be detected by measurement of fecal fat (12-14), and several tests of limited interest have been proposed to differentiate the digestive type from the absorptive type (15, 16) . However, no definitive test has been established. The present study shows that our fecalogram only requires four components (dry weight, total nitrogen, total fat, and hydrolyzed fat) for evaluating digestive function, for diagnosing steatorrhea, and for determining its etiology. These components are important for the following rea-
sons:
. Dry weight is indispensable for assessing digestive func-tions when the fecalogram reveals a steatorrhea due to a pancreatic or intestinal disorder.
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is of interest because of its high increase compared with the controls, an increase that was greater in maldigestion (group II) than in malabsorption (group I), although the difference between the two groups was not very significant (P <0.01). #{149} Total fat assay is an indicator of steatorrhea and allows its quantification.
#{149} Data on hydrolyzed fat, compared with total fat, indicate the origin of the steatorrhea.
Hydrolyzed fat corresponds to free fatty acids in stools. However, the alimentary lipids are essentially composed of triglycerides, which undergo digestion through hydrolysis, yielding mono-and diglycerides and free fatty acids (19, 20), which are absorbed by the intestinal mucosa (21). In the case of pancreatic insufilciency or maldigestion syndrome, one sees a decrease of free fatty acids, owing to an increase of triglycerides that are not hydrolyzed. In fact, our data show that patients with intestinal disease have a significantly (P = 0.0001) greater proportion of hydrolyzed fat (>70%) than do patients with digestive diseases (<70%). Our results are in harmony with those obtained by Thompson et al. (22) , who observed low triglyceride concentrations in fecal samples from patients suffering from malabsorption.
However, the measurement of triglycerides is very long and difficult, requiring extraction of lipids before chromatography.
The nt
technique applied to fecalograni analysis allows determination of four major fecal components in a single sample and does not require the use of reagents, extraction, or mineralization.
Furthermore, the simplicity and the rapidity of the analysis render this technique especially suitable for routine use. The clinician should therefore benefit from these improvements in the ability to assess digestive function and immediately to orient the explora-
